An application of a combination of scheduling theory, simulation modelling, visualization and control is presented. The system under study deals with human resources and assets management to perform the daily operations at an international airport. The paper describes the simulation-based tool that is being developed and pinpoints the cost analysis that is being performed to decide on the assignment and the level of the resources. Following the modelling approach, a fully detailed explanation of the data requirements, the decision variables and the output variables is given, highlighting the structure of the cost objective function.
INTRODUCTION
Spain is suffering important changes in the air service industries. Several new private airports are being built all over the country to attract low cost companies. Ciudad Real is a city located 200 kilometres south of Madrid and its airport is to start operations in July of 2008. For that reason, the company is starting to develop tools that will help in the management operations with the aim of optimally allocating resources.
The first objective of the research was the graphical definition and representation of the operations that are going to be carried at the parking positions: embarking and disembarking of the passengers and the crew and all of the associated activities. The tool has been developed in JAVA to favour visualization and on-line control (Pastor et al 2007) .
The interface (Figure 1 ) shows on the right panel four parking positions with their corresponding assigned resources and on the left panel the pool of idle resources.
The JAVA application that has been developed is executed after the spreadsheet simulation, which, using the VisualBasic routines, generates a JAVA-based Gantt chart with the operations to be performed per resource. It gives the user several visualization possibilities that range from the static representation at a particular time to the dynamic representation of part or the totality of the time horizon reflected in the Gantt chart. The tool interacts both with MsExcel spreadsheets and with the actual resources via RFID, so data is automatically and constantly being updated. Therefore, all the resources are continuosly located and a forward simulation and visualization of the near future activities might be performed and scheduling decisions might accordingly be taken.
The management of the facilities is feeling more confortable with the tool as days go by so to ask for minor refinements of the tool for easier use and decision making.
The addressing of the second objective immediately followed: the staffing and the scheduling of the resources. As of today, the management is still not engaged in the development and implementation of an automatic decision system for staffing and scheduling the resources since the airport is still young and too small as to perform the scheduling directly from the visualization information included in the interface. Therefore, the focus right now is to correctly define the information to include in the platform and properly show it on the screen, although the software should be ready for including a more sophisticated search engine to perform the optimization.
The structure of the optimization problem to be solved is the focus of this article. The stress is on the calculation of the cost objective function, that includes not only direct costs but also a penalty term for not fulfilling timeliness requirements is also included.
THE MODELLING APPROACH
Lawrence Boland proposes in his book "The Foundations of Economic Method" (Boland 1982 ) the utilization of a methodology dependent on the problem in hand (Problem-Dependent Methodology). In fact, he proposes modelling as a means to represent reality, each model representing a different problem. This methodology, or method of analysis, might be renamed as the modelling approach.
Three stages might be distinguished when following this approach (Figure 2 
Problem Definition
The first stage consists of the conceptualization of the real system under study. A system might be defined as "process … or any combination of machines, methods, personnel or other resources which transform a given input in an output that present one or more observable responses" (Montgomery 1991) . It is clear that the decision variables x, the data z, or phenomena that interrelate within the system, and the output criteria y that want to be quantified as a result of the interactions within the system must be specified. It seems essential that the problem be delimited, clearly specifying not only the variables and the data but also their interdependencies within the system. In very complex situations, it is also necessary to define the limits of the system and the appropriate level of detail according to the objectives of the study.
System Modelling
The study of a system is rarely performed directly on it. Either it is not possible to alter normal operations or it is not feasible to repetitively experiment with it so it is necessary to develop a model which acts as an abstraction of the real system and that is liable and ready for experimentation. The success of the analysis process, and consequently, of the implementation of the decision, clearly depends on this abstraction.
The model will be characterized by a set of input variables x' and input data z', which are a representation of the corresponding x and y of the real system, and another set of output variables y' that are a function of the input variables and the existing relationships between them.
Computer simulation has received a lot of attention in the last decades to abstract and model complex systems under uncertainty, in many areas but specifically in scheduling and sequencing (Fisher and Ittner 1999 , Hershauer and Ebert 1975 , Hollier 1968 , Macaskill 1973 , Moccellin and Nagano 1998 , Wein and Chevalier 1992 . The simulation models jointly consider efficacy, or degree of attainment of the optimal solution, and efficiency, or time to achieve it.
Experimentation With The Model And Decision Making
If the model is valid and credible, it is ready for experimentation and for decision making, that is, ready to search for the adequate values of the input variables.
The first stage of this third phase is the characterization of the criteria that allow for the evaluation of each alternative. The different criteria are computed out of one or several of the output variables y' of the model and out of the subjective information introduced by the decision maker. If there exist several criteria simultaneously, they should be aggregated so that the alternatives might be compared against each other.
In the second stage, the aim is to obtain information on the values of the input variables that improve the values of the output criteria. Any method of analysis must generate, first, different alternatives or combinations of values for the parameters x'; then, it must evaluate the alternatives individually with respect to each of the criteria that characterize the system, and, finally, the algorithm must select the alternative that seems superior to the rest of alternatives.
THE SYSTEM Operations
The system under study includes all the operations that will be carried at the airplane parking positions at the airport. The loading of passengers includes the escorting of the passengers from the gate to the stairs of the airplane, while the unloading includes the walk from the airplane to the arriving lounge. The resources that are available are operators that escort either passengers or crew and the stairs to enter or exit the aircraft.
Decision variables
The human decision maker might have an influence in the result of the assignment process of tasks to resources. The decision implies that the resources just assigned are freezed and cannot be assigned to any other task. So, the first decision variable is the actual ASSIGNMENT, or ORDER, in which the tasks are performed. This is a tactical decision.
The rest of the variables are mainly strategic. The first, medium-range, set of variables in this group is the QUANTITY OF RESOURCES of each type:
1. Human Resources
Motorized and Unmotorized Equipment
The QUANTITY of resources is to be parameterized so that the user might alter the configuration according to the real value before the execution of the application.
The values for the variable ASSIGNMENT are not specified before the execution but are obtained as a result of the execution of the decision making routine.
Output variables
With regard to the output variables, results or criteria, two types might be mentioned. The first type relates to the input-output variable duality. The assigned value to the input variable ASSIGNMENT is an output value of the optimization process, and the decision maker treats it as such, since it is an outcome of the application.
The second type, on the other hand, has to do with the search of the proper value of ASSIGNMENT. For each one of the possible ASSIGNMENT values, a value must be calculated for the measurable criteria, three in this case:
1. TOTAL COST of the ASSIGNMENT, which is to be minimized. The cost is composed of direct labour costs and direct equipment cost 2. PERCENT SATISFACTION or SERVICE LEVEL, which is to be maximized. Out of the total tasks, the percentage of tasks that are completed within the allotted time is calculated.
3. OCCUPATION LEVEL, which might be close to a given target, usually around 70-80%.
Additionally, it is necessary to aggregate the two first competing criteria in a single measure, which is liable to be optimized. The decision is for the conversion of SERVICE LEVEL into a PENALTY cost, which accounts for the lateness in completing the task. This PENALTY might then be easily included into the TOTAL COSTS as an additional cost.
Data
First, the input data related to the flights is to be included: company, flight number, arrival time/date, departure time/date and passengers.
Then, the data of the human resources is to be specified: code, name, number of available resources, cost for renting a resource and type.
Finally, the data for the equipment should also be incorporated.
THE INTERFACE FOR CALCULATING THE COST FUNCTION
Interface Figure 3 shows the main screen of the application. In the "Archivo" menu, there exists the possibility of accessing to the Excel files and update the input values that might be manually changed to go with the data that is automatically updated. The cost calculations are accessible by pressing the "Calculo de costes" button. The Gantt chart is automatically generated and shown on an emerging window. Figure 4 shows the scheduled flights, with times and passengers. Input data: Equipment Figure 6 depicts the screen that is used to input the necessary data for the equipment. For scheduling purposes, the quantity of the resources and the unit cost are the critical information. 
Input data: flights

60,026
Output data: Staffing Requirements
The first output screen is shown in Figure 7 . It shows the number of calls that have simultaneously been placed for each of the resource time, if unlimited resources were available. It also shows the peak interval for that maximum level of resources. For the resources, a Gantt chart (Figure 8 ) is also displayed with the color coding indicating type of operation: preparation, operation and post-operation. By moving the mouse over any bar, information is shown regarding the type of resource and the current time.
Output data: Costs per passenger
The first cost screen (Figure 9 ) includes the information about the cost per flight and per individual passenger. Output data: Timeliness (Delays) Figure 11 shows the output screen that summarizes the calculation of the delays per resource, including the flight number and also the time at which the delay happened. 
Output data: Total Costs
Finally, the total costs are calculated by adding the penalty costs (50 euros/min) associated with delays to the traditional direct costs (Figure 12 ). 
CONCLUSION
A platform to manage the resources at a young international airport is being developed with care. State-of-the-art tools and techniques are being incorporated as the management of the facilities start to demand their use.
To the visualization capabilities, a complete cost structure has been incorporated so that, given a set level of resources and a plan, the cost of operations is calculated.
The future calls for incorporating a search or optimization engine to optimize the assignment decisions. With the engine already implemented, it will be easier to start incorporating other online or automatic decision support tool, like RFID.
